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摘要      人类多能干细胞(human pluripotent stem cells, hPSC)具有无限增殖的能力并可体外分
化成心肌细胞, 可作为新型的细胞源用于心脏疾病的细胞替代疗法、药物检测及心脏发育生物学
的基础研究。hPSC包括人胚胎干细胞(human embryonic stem cells, hESC)和诱导型人多能干细胞
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Abstract        Human pluripotent stem cells (hPSC) with the ability to differentiate into cardiomyocytes in 
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culture, open the possibility of generating a virtually unlimited supply of cardiomyocytes for clinical applications, 
drug discovery, and provide an in vitro model for heart development. The past decade sees signifi cant progress in 
this fi eld. The advert of induced pluripotent stem cell (iPSC) technology enables personalized cell therapies and 
negates ethical concerns surrounding human embryonic stem cells. Despite the great progress, the clinical use of 
hPSC-cardiomyocytes as regenerative medicine is still in its infancy, and many technical hurdles remain to be ad-
dressed. This review summarizes technical advances toward the generation of clinically relevant human cardiomyo-
cytes from hPSC, including the methods of differentiation, enrichment, and scale-up. We also provide an update on 
the potential of hPSC-cardiomyocytes to be used as a reagent for clinical application, pharmaceutical drug develop-
ment, and basic cardiovascular research. Furthermore, we highlight the key barriers that need to overcome before 
hPSC-mediated human heart repair becomes a reality.













人类多能干细胞(human pluripotent stem cells, 
hPSC)是指具有无限增殖、多分化潜能的一类干细
胞, 包括人胚胎干细胞(human embryonic stem cells, 
hESC)和诱导型人多能干细胞(human induced pluri-











hPSC is derived from human embryonic stem cell(hESC) or by reprogramming of human induced pluripotent stem cells(hiPSC). 
图1  hPSC的来源




















1   hPSC源心肌细胞技术进展




























维生素C、视黄醛X受体(retinoid X receptor, RXR)
激活剂及过氧化物酶增殖激活的受体(peroxisome 































































96孔板中, 能诱导多种hESC产生64%~89% Troponin 
I阳性的心肌细胞[35]。但这一方法还有待于其它实
验室的验证。






















hPSC带有Oct4、Nanog、SSEA4和Sox2等多潜能标志, 形成拟胚体后, 它们的表达迅速降低, 同时伴随着中胚层标志Tbra、Mesp1及Mesp2瞬时
表达上升。Nkx2.5、Gata-4、Hand2、Tbx5和Mef2C的表达标志着心肌细胞生成的开始。随后, 心脏特异性标志物ANF、α-MHC、MLC-2a及
Tropomyosin开始表达, 并且随着分化时间的延长表达量逐渐升高。
hPSC expresses many key pluripotent markers such as Oct4, Nanog, SSEA4 and Sox2. Upon differentiation initiation, the expression of the markers 
like Oct-4, Nanog, SSEA4 and Sox2 were quickly down-regulated, followed by transient up-regulation of mesodermal markers such as Tbra, Mesp1 
and Mesp2. The expression of the early cardiomyocyte-specifi c transcription factor Nkx2.5, Gata4, Hand2, Tbx5 and Mef2C marked the beginning of 
cardiomyogenesis. Then, the structural proteins ANF, α-MHC, MLC-2a and Tropomyosin were expressed, and the expression level increased with time.
图2  hPSC向心肌分化的示意图及在分化过程中细胞分子标志物表达的变化
Fig.2  Schematic illustration of hPSC cardiac differentiation stages and associated markers






















1.3   hPSC源心肌细胞的规模化扩增和纯化
hPSC源心肌细胞能否进行规模化扩增及纯化
对其在细胞治疗及药物研究领域的应用至关重要。




































































2   hPSC源心肌细胞的应用
hPSC源心肌细胞可用于心脏再生治疗、药物
开发和心脏发育的基础研究等领域(图3)。


















































也称为扭转型心动过速(torsades de pointes, TdP)[62]。
TdP的形成表现为心电图中QT间期延长, 即心室动作
来源于hPSC的心肌细胞可用于心脏再生治疗、药物开发和心脏发育的基础研究等领域。
hPSC-derived cardiomyocytes can be used in the fi elds of cardiac regeneration therapy, drug pharmaprojects and basic research on heart development.
图3  hPSC源心肌细胞的应用
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电位的持续时间延长。大多数导致QT间期延长的药
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